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Description 

This invention relates to ultrasonic temperature sensors as defined by the daims. 
One well Icnown type of temperature sensor for use in aircraft fire detection systems comprfees a cable 
5 containing two conductors separated by an Insulating material whose properties are temperature dependent 
The cable is strung out around the area to be monitored forf ires, and if a fire occurs in this area, the fire subjects 
the cable to local heating and so changes the impedance between the wires. Detection of this impedance 
change thus indicates the presence of a fire. 

However, this type of sensor suffers from the drawbacic that it is difficult to obtain quantitative information 
10 from the impedance change that would enable the location of the fire, along the length of the cable, to be readily 
determined. In an aircraft environment, therefore, where fire extingulshere are typically provided in the area 
monitored by the cable, all the extinguishers would have to be activated, when perhaps activation of only one 
of them would have been sufficient to put out the fire. Dearly, the extinguishers which were actuated unnec- 
essarily may well cause damage which could have been avoided to equipment, eg electrical equipment, in the 
IS area being monitored. 

It is therefore an object of the present invent Ion to provide temperature sensors, and fire detection systems 
using them, in which the abovementloned drawbadc of the Icnown sensors and systems is alleviated. 

US-A-4 483 630 discloses an ultrasonic thermometer comprising nraans for launching ultrasonic pulses 
into one end of an elongate ultrasonic waveguide having spaced discontinuities such as grooves at Its other 
20 end, the timing of the pulses reflected by the discontinuaties providing information on the temperature of the 
waveguide in the regions between the discontinuities. The present invention is also based upon ultrasonic pulse 
reflection in an ultrasonic waveguide. 

According to one aspect of the present invention, there is provided a temperature sensor comprising an 
elongate ultrasonic waveguide, characterised by at least one temperature responsive means which is posl- 
25 tioned at a predetermined point along the length of the waveguide and which is responsive to a given temper- 
ature change to change the acoustic impedance of the waveguide at that point from a first level at which ultra- 
sonic pulses arriving at the point are not significantly reflected to a second level causing at least partial reflec- 
tion of the ultrasonic pulses. 

In one embodiment of this first aspect of the invention, the temperature responsive means comprises a 
30 low melting-point material, typically a low melting-point metal alloy, having an acoustic Impedance similar to 
that of the waveguide and disposed in a notch In the waveguide. In this embodiment of the Invention, the sensor 
preferably includes means for retaining the low melting point material in the notch, for example a protective 
sheath or coating surrounding the waveguide and covering the notch containing the low melting point material. 
In the case of a protective sheath, the sheath may be produced by swaying or extruding a tube around the 
35 waveguide, while in the case of a protective coating, the coating may be produced by plating. 

In a second embodiment of the first aspect of the invention, the temperature responsive means comprises 
a device for applying a mechanical stress which varies with temperature to the waveguide. In this second em- 
bodiment of the invention, the device may conveniently comprise a damp embracing the waveguide, the damp 
being arranged such that Its damping force increases with temperature. Thus the damp may comprise a f iret 
40 member arranged to trap a second member between itself and the waveguide, the first member having a lower 
coefficient of thermal expansion than the second. 

In both of the first aspects of the invention, the sensor preferably comprises a plurality of said temperature 
responsive means spaced apart along the length of the waveguide. 

The invention also includes a temperature sensing system incorporating a temperature sensor in accor- 
45 dance with any of the preceding statements of invention, and further comprising means for launching ultrasonic 
pulses, for example longitudinal pulses, into one end of the waveguide, and means for detecting reflected ul- 
trasonic pulses due to said acoustic Impedance change. Advantageously, the sensor also indudes means for 
measuring the time interval between each said reflected pulse and the launched pulse which gave rise to It. 
According to another aspect of the invention, there is prc)vlded a temperature sensor comprising an elon- 
50 gate ultrasonic waveguide, characterised in that the waveguide has a core of a low melting-point material, typ- 
ically a low melting-point metal alloy, ensheathed in casing which, when locally heated, permits local melting 
of the core, whereby ultrasonic pulses travelling In the core are at least partially reflected by the locally melted 
portion thereof. 

The invention further includes a temperature sensing system incorporating a sensor in accordance with 
55 the preceding paragraph, and further comprising means for launching ultrasonic pulses, for example longitu- 
dinal pulses, into the core at one end of the waveguide, and means for detecting reflected ultrasonic pulses 
due to local melting of the core. 

Advantageously, the sensor further comprises means for measuring the time interval between each said 
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reflected pulse and the launched pulse which gave rise to it. 

According to a third aspect of the invention, there is provided a temperature sensing system comprising 
an elongate ultrasonic waveguide, characterised in that the waveguide Is made of a material which, when locally 
heated, develops a temperature gradient which serves to at least partially reflect ultrasonic pulses, means for 

5 launching ultrasonic pulses, for example, longitudinal pulses, Into the waveguide at one end thereof, and means 
for detecting reflected ultrasonic pulses due to such a temperature gradient 

Advantageously, the sensor further comprises means for measuring the time Interval between each said 
reflected pulse and the launched pulse which gave rise to it 

Heretofore, when an ultrasonic waveguide was being used as a sensor, it was typically of unitary construe- 

10 tion and permanently connected, eg by welding or brazing, to the output of the ultrasonic pulse transmitterfre- 
ceiver used for injecting ultrasonic pulses into It and receh^ing ultrasonic pulses from it. 

However, If an ultrasonic waveguide Is used in such a manner In an aircraft context, for example as de- 
scribed in our aforementioned co-pending patent application, such pernnanent connections can be rather In- 
convenient In an aircraft context, where the ultrasonic waveguide is typically strung around an engine or dls- 

15 posed in a duct, it is usually desirable that the waveguide be readily detachable from the rest of the system 
associated with it. le from the ultrasonic pulse transmitter/receh^er and associated signal processing circuitry 
(or indeed, even made in separable sections), to fadlltate installation, maintenance and repair. However, this 
would require the provision of one or more ultrasonic waveguide connectors which are readily disconnedable 
and reconnectable, while nevertheless having good ultrasonic transmission characteristics. 

20 Accordingly, in preferred embodiments of the temperature sensing systems of the present invention, the 
waveguide includes at least one ultrasonic waveguide connector comprising f irst and second solid tapering con- 
nector portions of a material having a slmflar acoustic Impedance to that of the waveguide port ions to be con- 
nected together, each connector portion having a narrower end connected to a respective one of said wave- 
guide portions and a wider end which is flat and extends generally perpendicular to the direction of propagation 

25 of ultrasonic waves through the connector, and clamping means engageable with said connector portions for 
clamping the flat ends thereof together. 

The connector portions are preferably generally horn-shaped: typically they may be shaped like conical 
horns, catenoidal horns or exponential horns. Further, each connector portion is preferably of the same ma- 
terial as the respecth^e waveguide portion to which its narrower end is connected. 

30 The clamping means is preferably arranged to apply to said connector portions clamping forces which are 
directed substantially wholly perpendicularly to the flat ends of the connector portions. Further, the clamping 
means preferably comprises first and second parts which engage the first and second connector portions re- 
spectively and which are adapted for screw-threaded engagement with each other. 

Preferably, a thin layer of a suitable acoustic coupling oil or grease is provided between the flat ends of 

35 the connector portions before clamping them together. 

The invention will now be described, by way of example only, with reference to the accompanying drawings, 
of which: 

Figure 1 is a much simplified schematic drawing of a first embodiment of a fire detection sensor and system 
in accordance with the invention; 
40 Figure 2 is a more detailed view of part of the sensor of Figure 1 ; 

Figure 3 shows an alternative implementation of the part of the sensor of Figure 1 shown in Figure 2; 
Figures 4 and 5 show further alternative forms of part of the sensor of Figure 1; 
Figure 6 is a somewhat schematic representation of an ultrasonic waveguide connector for use the systems 
of the present invention; , 

45 Figure 7 is a diagram useful for illustrating several possible shapes of part of the connector of Figure 6; 
and 

Figure 8 shows an alternative embodiment of an ultrasonic waveguide connector In accordance with the 
present invention. 

The fire detection sensor of Figure 1 is indicated generally at 10, and comprises an elongate ulb^sonic 
50 waveguide 12 in the form of a cylindrical rod or wire 14 of niclcel, or a niclcel-based alloy such as INCONEL or 
NICHROME. or annealed stainless steel. The waveguide 12 is typically between 3 and 10 metres long, and is 
divided into a plurality of zones, typically each about 5 to 10 cm long, as will hereinafter become apparent 

Coupled to one end 16 of the waveguide 12 is an ultrasonic pulse transmitter and receiver 18, typically 
comprising a a magnetostrictive device which launches longitudinal ultrasonic pulses (also referred to as conn- 
55 pressional or expansional pulses) into the waveguide 1 2. The transmitter/receiver 1 8 is also coupled to a timing 
circuit 20. which Is arranged to measure the time Interval between each pulse launched into the waveguide 12 
and any reflected pulses resulting from that pulse. 

Part of the waveguide 12 is shown in more detail in Figure 2, where it can be seen that the wire or rod 14 
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is divided into the aforementioned zones by equally longitudinally-spaced notches 22, which are filled with a 
low melting-point metal alloy 24 having an acoustic impedance similar to that of the wire or rod 14; a suitable 
example of such an alloy is the brazing alloy available under the trade mark "EASYFLOW", consisting of about 
50% silver alloyed with copper end zinc. To retain the aDoy 24 in the notches even when it has melted, a pro- 
tective sleeve or tube 26 of stainless steel is swaged over the rod or wn-e 14, covering the notches and the 
alloy. Alternatively, after the alloy 24 has been placed in the notches 22. the outside of the rod or wire 14 can 
be plated with a compatible hard material such as nickel or chrome, this plating extending over the alloy-filled 
notches, to retain the alloy in the notches. 

In use. the waveguide 12 is typically strung around an area which is to be monitored for fire, for example 
around the outside of an aircraft gas turt)ine engine, within the engine housing or nacelle, the waveguide being 
sufficiently flexible to permit this. Care must be taken with mounting the waveguide 1 2 to ensure that the mount- 
ing f ixtures used do not introduce unwanted variations in the acoustic impedance of the waveguide. 

To monitor for fire, ultrasonic pulses are periodically launched into the end 16 of the waveguide 12 by the 
transmitter/receiver 1 8. typically at a frequency of 1 00 Hz: the propagation speed of the pulses in the waveguide 
is typically about 5000 m/sec. In the absence of a fire, the alloy filled notches 22 are substantially indistingu- 
ishable, from an acoustic impedance standpoint, from the remainder of the rod or wire 14, so each pulse launch- 
ed by the transmitter/receiver 18 travels to the other end 32 of the waveguide 12, and is then reflected back 
to and detected by the transmitter/receiver 18, The time Interval between the launch of each pulse and the ar- 
rival and detection of the corresponding end-reflected pulse is measured by the timing circuit 20, the end-re- 
flected pulses being identifiable as such not only by this time interval (since the length and acoustic properties 
of the wavegu We 1 2 have known predetermined values), but also by virtue of tiie fact that they are much larger 
than Intermediate reflected pulses. The failure to detect any significant Intermediate reflected pulses before 
the arrival and detection of the end-reflected pulse indicates the absence of fire along the waveguide 12, while 
the arrival and detection of the end-reflected pulse indicates that the sensor 10 is operating satisfactorily. 

In the event that a fire starts In the area being monitored by the sensor 10, as indicated at 30 in Figure 1. 
the fire w«l melt ttie alloy 24 in at least one of ttie notches 22. eg the one indicated at 22a. This produces a 
significant change in the acoustic impedance of the waveguide 1 2 at the notch 22a. which now causes a partial 
but significant reflection of each pulse launched into the waveguide by the transmitter/receiver 18. Each notch- 
reflected pulse arrives at and is detected by the transmitter/receiver 1 8 prior to the predetermined arrival time 
of the corresponding end-reflected pulse, which indicates to the transmitter/receiver that the detected pulse is 
indeed a notch-reflected pulse rattier than an end-reflected pulse. Further, ttie time interval between the launch 
of each pulse by the transmitter/receiver 18 and ttie arrival and detection of the corresponding notch-reflected 
pulse is measured by ttie timing circuit 20. This time interval not only distinguishes notch-reflected pulses from 
end-reflected pulses, but also Indicates where along the lengtti of the waveguWe 12 the fire is located. 

The detection of notch-reflected pulses by the transmitter/receiver 18 can be used to trigger a fire alarm 
and the appropriate one or ones of several fire extinguishers in the area being monitored. Assuming ttiat the 
fire is then extinguished by the operation of the extinguisher or extinguishers, ttie melted alloy 24 in the notch 
22a vwll re-solkJify. ttius restoring the sensor 10 to its original state, and so capable of detecting a furttier fire, 
should one occur. 

Figure 3 shows part of a waveguide 40 which can be used in place of the waveguide 12 of Figures 1 and 
2. The waveguide 40 comprises a core 42 of a low melting-melting point metal alloy, for example a binary eu- 
tectic comprising about 96.5% tin and about 3.5% silver, surrounded by a metal sheath 44 of stainless steel. 
In response to longitudinal ultrasonic pulses launched into one end of the core 42. the waveguide 40 behaves 
similarly to ttie waveguide 12: thus. In the absence of a fire, ttie pulses travel to ttie ottier end of ttie waveguide 
44 and are reflected back, and ttiere are no significant intermediate reflected pulses; but when a fire locally 
heats ttie sheatti 44, the part of the core 42 also subject to this local heating melts, and reflection occurs at 
ttie interface 46 between the melted part of ttie core and ttie unmelted part nearer ttie transmitter/receiver 18. 
The early arrival, and ttie time of arrival, of the reflected pulse from ttiis Interface Indicate the presence and 
location of ttie fire, as witti ttie waveguide 12. 

Again, extinguishing the fire enables ttie waveguide 40 to return to its original state. 

Figure 4 shows at 50 yet another waveguide which can be used in place of the waveguide 12 of Figures 
1 and 2. The waveguide 12 is just a plain cylindrical rod or wire made from any of ttie materials specified ftor 
ttie rod or wire 14 of ttie waveguide 12 (ie it has no notches fflled wiUi low melting-point metal alloy), and Is 
provided witti devices 52 which are spaced along its lengtti at 5 to 10 cm intervals and which are designed to 
apply a temperature-dependent stress to it Thus each device 52 comprises a C-damp 54 of a metal having a 
low coefficient of thermal expanston. such as INVAR, whose lower extremity 56 supports ttie waveguide 50. 
The waveguide 50 is clamped against ttie lower extremity 56 of ttie C-clamp 54 by means of a rod or bar 58 
of stainless steel, which has a significantly higher coefficient of ttiermal expansion ttian ttie C-damp 54. 
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At normal temperatures, each of the C-damps 54 is arranged merely to lightly damp the waveguide 50, 
so as not to signif icantJy affect its acoustic impedance. The waveguide 50 thus behaves like the waveguides 
12 and 40 at these normal temperatures. However, if one or nwre of the devices 52 is subjected to fire, the 
rod or bar 58 expands more than the C-damp 54. and applies a substantial localised stress to the waveguide 
5 50. This localised stress behaves in a manner analogous to a notch 22 of the waveguide 1 2, ie it partially reflects 
ultrasonic pulses travelling along the waveguide, for detection and time measurement by the transmitter/receiv- 
er 18 and the timing drcuit 20 respectively. 

Extinguishing the fire enables the C-damp 54 and the rod or bar 58 to return to their normal relative pro- 
portions, thus eliminating the localised stress in the waveguide 50 and restoring it to its initial operating state. 
10 Figure 5 illustrates, at 60. a variation of the device 52 of Figure 4, in which the C-damp 54 is replaced by 
a complete oval or loop 62 which enclrdes the waveguide 50 and traps the rod or bar 58 thereagainst The 
device 60 otherwise operates In the same manner as the device 52: in particular, extinguishing the fire enables 
the waveguide 50 to return to its initial operating state. 

Some or all of the devices 52 and 60 are used for supporting the waveguide 50 along its route through the 
15 area to be monitored for fire. 

In the limit, the devices 52 and 60 can be replaced by supports which do not apply thermally-induced stress- 
es to the waveguide 50, since we have found that the localised temperature gradient produced within the wa- 
veguide 50 when it is locally heated by a fire behaves analogously to the localised stress produced by the de- 
vices 52 and 60, ie it partially reflects ultrasonic pulses travelling along the waveguide. 

To fadlitate assembly and maintenance, the waveguides 12. 40 and 50 can each be connected to the trans- 
mitter/receiver 18 by means of an ultrasonic waveguide connector of the kind shown In Figures 6 to 8. 

The ultrasonic waveguide connector of Figure 6 is indicated generally at 110, and is shown connecting two 
ultrasonic waveguides 112 and 114. The waveguides 112. 114 are each in the form of a flexible rod or wire, 
typically made of nickel, a nickel alloy sudi as INCONEL or NICHROME or annealed stainless steel. 

The connector 110 comprises two similar solid connector portions 116. 118 each of tapering circular section 
and each made from the same material as the waveguides 1 12, 1 14. The connector portion 1 16 has a narrower 
end 120 which is butt-welded to the waveguide 112. and a wider end 122 which is extremely flat and smooth. 
Similarly, the connector portion 118 has a narrower end 124 which is butt-welded to the waveguide 114 and a 
wider end 126 which is also extremely flat and smooth and which is of the same size and shape as the end 
30 1 22 of the con nector portion 116. 

It will be appredated that the connector portions 116 and 118 are generally horn-shaped. Within tills gen- 
eral shape, they can take the form of a conical horn, a catenoidal horn or an exponential horn. 

For a conical horn, ttie area S of the horn at a distance z ftt)m its wider end (122 or 126) is given by the 
equation: 



20 



25 



35 



40 



S = (1 - az)^ (1) 
where a = R^^ - and 



where Si is tiie area of ttie wider end (122 or 126). 

and R2 are ttie radii of the wider and narrower ends respectively. 
L Is the lengtti of tiie horn, and 
45 z is the distance of the plane in which the area S is measured from tiie wider end (122 or 126). 
For a catenoidal horn, the area S is gh^en by the equation: 

S » cosh^ b(L-z) (2) 

^ where b = 1 cosh"^ Bi# and 

L R2 

where S2 is tiie area of tiie narrower end (120 or 124), and ttie otiier parameters are as defined In relation to 
55 equation 1. 

Finally, for an exponential horn, ttie area S is given by the equation : 
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S = S,e2cz 

where c = i Ln Si 
L Ri 

5 ^ 

and the other parameters are as defined in relation to equation 1. 
The parameters S, St Sa, Ri R2, 2 and L are DIustrated In Figure 7. 

The flat ends 1 22 and 1 26 of ttie connector portions 1 1 6 and 1 1 8 respectively are damped firmly in contact 
10 with each other by a clamping device shown schematically at 128. To Improve the acoustic coupling t>etween 
tiie ends 122, 126, a suitable layer 129 of a good acoustic coupling oil or grease is entrapped between them 
as they are clamped together. 

The clamping device 128 is shown for simplicity as two captive annular clamping members 130, 132, each 
having a radially Inner rim 1 34 or 136 which engages the external surface of a respective one of the connector 
15 portions 116, 118 just behind its flat end 122 or 126. However, If it is desired that the clamping n^embers 130, 
132 should not be captive, tiien the Inner diameter of each of tiiem is made greater than the diameter of the 
ends 1 22, 1 26 of the connector portions 11 6, 11 8, and each clamping member engages Its respective connector 
portion via the intermediary of a respective diametrically splittable annularmember (not shown) which fits partiy 
within its clamping member after being fitted on its connector portion: this facilitates assembly of ttie clamping 
20 members onto the connector portions after ttie connector portions have been welded to their respective wa- 
veguides. 

The member 130 has an externally threaded radially outer rim 138, while tiie member 132 has an axiaily 
projecting radially outer rim 140 which is Internally threaded and which projects past ttie flat end 126 of ttie 
connector portion 1 1 8 to receive and engage ttie ttireaded rim 1 38 of the member 1 30. Thus screwing ttie clamp- 
25 Ing members 130, 132 togettier presses ttie flat ends 122, 126 of the connector portions 116. 118 frmly Into 
contact with each other. 

It is desirable that tiie clamping device 128 should as far as possible apply only axiaily directed clamping 
forces to the connector portions 116, 118. To this end, tiie clamping members 130, 132 are each arranged to 
engage the external surface of the respective connector portion 116, 118 as close to ttie end 122, 126 as con- 

30 veniently possible, and the portions of ttie surfaces engaged are arranged to be as nearly radially directed as 
conveniently possible: indeed, radially extending flanges can be provided if desired. 

In use, once ttie connector 110 is firmly clamped together as described above. It operates to transmit an 
ultrasonic wave propagating In the waveguide 112 or 114 by first expanding it, ttien transmitting it ttirough the 
Increased contact area provided by ttie oonta^'ng larger ends 122, 126 of ttie connector portions 116, 118 

35 (which transmission is enhanced by the presence of the layer 129 of oil or grease), then concentrating It back 
into the other waveguide. It will be appreciated ttiat ttie connector Is completely bi-directional, ie it behaves in 
the same manner for ultrasonic waves travelling in botii directions tiirough it 

Of the several horn shapes mentioned earlier, ttie catenold shape exhibits tiie largest amplifying effect 
during concentration, while the conical shape is easier to manufacture. 

40 Several modifications can be made to the described embodiment of the connector of the invention. For 
example, the connector can have cross-sectional shapes other than circular, or indeed varying cross-sectional 
shape (eg from rectangular at the narrower end to circular at the wider end). Additionally, clamping devices 
other than the device 128 can be employed, and tiiey can be arranged to engage ttie connector portions 116, 
118 via bushes of resilient or compressible material. In particular as an alternative way of ensuring ttiat only 

45 axiaily directed clamping forces are applied to ttie connector portions 116, 118. tiie external surfaces of ttie 
connector portions can be arranged to fbllow ttieir respective tapers in a plurality of small steps, ie be provided 
with a plurality of alternately radially extending and axiaily extending annular surface portions as shown at 150 
in Figure 8. In this case, the clamping means, indicated at 152 in Figure 8, can be arranged to act primarily on 
the radially extending annular surface portions via axial pressure applied to the aforementioned bushes of re- 

50 silient or compressible material, which are indicated at 154 in Figure 8. 

Many modifications can be made to the described embodiments of ttie temperature sensors of ttie present 
invention. For example, suitable materials other ttian those specifically cited can be used to make ttie wave- 
guides 12, 40 and 50, and shapes other than cylindrical, eg rectangular-section or flat ribbon shapes, can also 
be used for these waveguides. Additionally, alttiough ttie invention has been described in the context of an air- 

55 craft fire detection sensor, it can be used more generally as a distributed temperature threshold detector. Typical 
applications could include an overheating detector, for use e.g. in an aircraft context, to detect temperatures 
in excess of say 200''C (as opposed to tiie fire detectton context, where temperatures in excess of say 350*^C 
are normally being detected), or a refrigeration detector, for detecting when the temperature at any of a number 
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of distributed points In a cold storage facflily exceeds -20°C. These lower temperature applications open the 
possibility of using glass, optical fibre or plastics for the ultrasonic waveguide, and/or extruded plastics coatings 
(instead of swaged metal coatings) for the metal waveguides with fusible or metal inserts or cores described 
hereinbefore. Another possible application is In distributed temperature sensing along pipes which have to be 

5 uniformly heated along their length, to prevent a fluid which is only liquid at the temperature to which the pipe 
is heated from solidifying in, and therefore blocking, the pipe. In these other applications, lengths of the wave- 
guide of up to 100 metres can be contemplated, and/or the waveguide can be made in sections connected by 
ultrasonic waveguide connectors of the kind described hereinbefore. 

Further, for some shapes of waveguide, ultrasonic pulses other than longitudinal pulses can be used, for 

10 example torsional pulses, and the pulses can In some cases be produced by a piezoelectric device rather than 
a magnetostrictlve device. 

Finally. Information concerning the mean temperature throughout the area being monitored can be derived 
from variations in the arrival time of the end-reflected pulses, since the speed of propagation of the pulses in 
the various waveguides is a functton of the temperature of the materia) of the waveguide, and therefore of the 

IS mean temperature of the surroundings of the waveguide; or alternatively, in the notched waveguide embodi- 
ment, some of the notches can be left unfilled or discontinuities having a similar effect to unfilled notches can 
be provided, in which case the respective mean temperahjres of the areas between adjacent unfilled notches 
or discontinuities can be derived from the time intervals between the reflections from these notches or discon- 
tinuities. 

20 

Claims 

1. A temperahire sensor comprising an elongate ultrasonic waveguide (12 or 50), characterised by at least 
25 one temperature responsive means (22 and 24. or 52, or 60) which is positioned at a predetermined point 

along the length of the waveguide and which is responsive to a given temperature change to change the 
acoustic Impedance of the waveguide at that point from a first level at which ultrasonic pulses arriving at 
the point are not significantly reflected to a second level causing at least partial reflection of the ultrasonic 
pulses. 

30 

2. A temperature sensor as claimed in dalm 1 . characterised in that the temperature responsive means (22 
and 24) comprises a low melting-point material (24) having an acoustic impedance similar to that of the 
waveguide (12) and disposed in a notch (22) In the waveguide. 

^ 3. A temperature sensor as claimed in dalm 2, characterised In that said low melting-point material (24) is 
a metal alloy. 

4. A temperature sensor as claimed in claim 2 or daim 3. further characterised by means (26) for retaining 
the low nneltlng-point material (24) in the notch (22). 

^ 5. A temperature sensor as claimed In daim 4, characterised in that the retaining means (26) comprises a 
protective sheath produced by swaying or extruding a tube (26) around the waveguide (12). 

6. A temperature sensor as claimed in daim 4, characterised in that the retaining means (26) comprises a 
protective coating applied to the waveguide (12) by plating. 

45 

7. A temperature sensor as claimed In daim 1 , characterised in that the temperature responsive means (52 
or 60) comprises a device for applying a mechanical stress which varies with temperature to the waveguide 
(50). 

50 8. A temperature sensor as claimed In daim 7, characterised In that the device (52 or 60) comprises a damp 
embracing the waveguide (50), the damp being arranged such that its damping force increases with tenv 
perature. 

9. A temperature sensor as claimed in daim 8. characterised in that the damp (52 or 60) comprises a first 
^ member (54 or 62) arranged to trap a second member (56) between itself and the waveguide (50). the 

first member having a lower coefficient of thernnal expanston than the second. 

10. A temperature sensor as claimed In any preceding daim. characterised by a plurality of said temperature 
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responsive means (22 and 24, or 52, or 60) spaced apart along the length of the waveguide (12 or 50). 

11. A temperature sensing system characterised by a temperature sensor (10) in accordance with any pre- 
ceding claim, means (18) for launching ultrasonic pulses into one end of the waveguide, and means (18) 
for detecting reflected ultrasonic pulses due to said acoustic Impedance change. 

12. A temperature sensor comprising an elongate ultrasonic waveguide (40), characterised in that the wave- 
guide has a core (42) of a low melting-point material ensheathed In a casing (44) which, when locally heat- 
ed, permits local melting of the core, whereby ultrasonic pulses travelling in the core are at least partially 
reflected by the locally melted portion thereof. 

1 3. A temperature sensor as claimed In claim 1 2. characterised In that said low melting-point material is a metal 
alloy. 

14. A temperature sensing system characterised by a temperature sensor in accordance with claim 1 2 or daim 
1 3, means (1 8) for launching ultrasonic pulses into the core at one end of the waveguide, and means (1 8) 
for detecting reflected ultrasonic pulses due to local melting of the core (at 48). 

15. A temperature sensing system comprising an elongate ultrasonic waveguide (50). characterised In that 
the waveguide is made of a material which, when locally heated, develops a temperature gradient which 

20 serves to at least partially reflect ultrasonic pulses, means (18) for launching ultrasonic pulses into the 

waveguide at one end thereof, and means (1 8) for detecting reflected ultrasonic pulses due to such a tem- 
perature gradient 

16. A temperature sensing system as claimed indalm 11, dalm 14 or daim 15. further characterised by means 
25 (20) for measuring the time interval between each said reflected pulse and the launched pulse which gave 

rise to it 

17. A temperature sensing system as claimed in daim 11 . daim 14, daim 15 or daim 1 6. characterised in that 
said ultrasonic pulse launching means (18) is arranged to produce longitudinal ultrasonic pulses. 

30 

18. A temperature sensing system as dalmed In dalm 11 or any one of daims 14 to 17, characterised in that 
said ultrasonic pulse launching means (18) indudes a magnetostrictive device. 

19. A temperature sensing system as claimed in any one of claims 11 and 14 to 18, characterised In that the 
waveguide (12, 40, 50) indudes at least one ultrasonic waveguide connector (110) comprising first and 
second solid tapering connector portions (116, 118) of a material having a similar acoustic impedance to 
that of the waveguide portions (112. 114) to be conneded together, each connector portion having a nar- 
rower end (120. 124) connected to a respective one of said waveguide portions and a wider end (122, 
1 28) which is flat and extends generally perpendicular to the direction of propagation of ultrasonic waves 
through the connector, and clamping means (128) engageable with said connector portions for clamping 
the flat ends thereof together. 

20. A temperature sensing system as dalmed in dalm 19, characterised in that the connector portions (116, 
118) are generally horn-shaped. 

45 21. A temperature sensing system as dalmed In dalm 20, characterised in that the connector portions (116, 
118) are shaped like conical horns. 

22. A temperature sensing system as daimed in daim 20, wherein the connector portions (116, 1 1 8) are shap- 
ed like catenoidal horns. 



35 



40 



SO 



55 



23. A temperature sensing system as daimed in daim 20, characterised in that the connector portions (116, 
118) are shaped like exponential horns. 

24. A temperature sensing system as daimed in any one of daims 19 to 23, characterised in that each con- 
nector portion (116, 118) is made of the same material as the respective waveguide portion (112, 114) to 
which its narrower end (120 or 124) is connected. 

25. A temperature sensing system as dalmed In any one of daims 1 9 to 24, characterised In that the damping 



8 



EP 0 351 050 B1 



means (128) is arranged to apply to said connector portions (11 6, 118) clamping forces which are directed 
substantially wholly perpendicularly to the flat ends (122, 126) of the connector portions. 

26. A temperature sensing system as claimed in any one of claims 1 9 to 25, characterised in that the clamping 
means (128) comprises first and second parts (130, 132) which engage the first and second connector 
portions (116. 118) respectively and which are adapted for screw-threaded engagement with each other. 

27. A temperature sensing system as claimed in any one of claims 19 to 26. characterised in that a thin layer 
(126) of a suitable acoustic coupling oil or grease is provided between the flat ends (1 22, 126) of the con- 
nector portions (116, 118) before clamping them together. 



Patentanspruche 

1. Etn Temperatursensor, umfassend einen langgestreckten Ultraschaliwellenteiter (12 Oder 50), gekenn- 
zeichnet durch mindestens ein temperaturempf indliches Mittel (22 und 24, oder 52 oder 60), das an einem 
vorbestimmten Punkt langs der Lange des Wellenleiters positioniert ist und anspricht auf elne gegebene 
Temperaturanderung zur Anderung der akustischen Impedanz des Wellenleiters an diesem Punkt von ei- 
nem ersten Pegei, bei welchem Ultraschallimpulse. die an dem Punkt ankommen. nicht merkbar ref lektiert 

2^ warden auf einen zweiten Pegel, der eine mindestens teilwelse Reflektion der UltraschaHimpulse bewirkt. 

2. Ein Temperahjrsensor nach Anspruch 1 , dadurch gekennzeichnet, da& das temperaturempfindliche Mittel 
(22 und 24) ein Material (24) niedrigen Schmelzpunktes umfaQtmitetner akustischen Impedanz, die ahn- 
llch jener des Wellenleiters (12) ist. und das in einer Ausnehmung (22) in dem Wellenleiter angeordnet 
ist. . . 

25 

3. Ein Temperatursensor nach Anspruch 2, dadurch gekennzeichnet, da& das Material niedrigen Schmelz- 
punktes (24) eine Metall-Legierung ist 

4. Ein Temperatursensor nach Anspruch 2 Oder Anspruch 3, ferner gekennzeichnet durch Mittel (26) fOr das 
30 Halten des Materials (24) niedrigen Schmelzpunktes In der Ausnehmung (22). 

5. Ein Temperatursensor nach Anspruch 4, dadurch gekennzeichnet, da& das Haltemittel (26) eine Schutz- 
hulle umfaSt, erzeugt durch BSrdeIn oder Extrudieren eines Rohres (26) rings urn den Wellenleiter (12). 

35 6. Ein Temperatursensor nach Anspruch 4, dadurch gekennzeichnet. da& das Haltemittel (26) eine Schutz- 
beschichtung umfa&t. die auf dem Wellenleiter (12) durch Plattieren aufgebracht ist 

7. Ein Temperatursensor nach Anspruch 1 , dadurch gekennzeichnet, da& das temperaturempfindliche Mittel 
(52 Oder 60) eine Einrichtung umfa&t fur das Obertragen einer sich mit der Temperatur andernden me- 

^ chanischen Spannung auf dem Wellenleiter (50). 

8. Ein Temperatursensor nach Anspruch 7, dadurch gekennzeichnet, daB die Einrichtung (52 oder 60) elne 
Klammer umfe&t, die den Wellenleiter (50) unnschlie&t. welche Klammer so angeordnet 1st, da& die KlemnD- 
kraf t mit der Temperahir zunimmt 

^ 9. Ein Temperatursensor nach Anspruch 8, dadurch gekennzeichnet. dad die Klammer (52 oder 60) ein er- 
stes Glied (54 oder 62) umfa&t, das so angeordnet ist, da& es ein zweites Glied (58) zwischen sIch selbst 
und dem Wellenleiter (50) einschlie&t, welches erste Glied einen niedrigeren thermischen Expansionsko- 
eff izienten aufweist als das zweite. 

50 10. Ein Temperatursensor nach einem der vorangehenden Anspruche, gekennzeichnet durch eine Mehrzahl 
solcher temperaturempf indlicher Mittel (22 und 24, oder 52. oder 60), d» im Abstand langs der Lange des 
Wellenleiters (12 oder 50) angeordnet sind. 

11. Ein Temperaturerfassungssystem, gekennzeichnet durch einen Temperatursensor (10) nach einem der 
55 vorangehenden Anspruche, Mittel (18) fur das Einspeisen von Ultraschallimpulsen in ein Ende des Wel- 

lenleiters. und Mittel (1 8) fur das Erfassen von Ultraschallimpulsen, die Infolge der akustischen Impedanz- 
anderung ref lektiert werden. 
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12. Ein Temperatursensor, umfassend einen langgestrectcten Ultraschallwellenleiter (40), dadurch gekenn- 
zeichnet, da& der Wellenleiter einen Kern (42) aus einem Material niedrigen Schmelzpunktes umfa&t, unv 
hullt in einem Gehause (44), das, wenn es lokal erhitzt wird, ein lokales Aufschmelzen des Kerns erm5g- 
Itcht wodurch Ultraschallimpuise, die sich iangs des Kerns ausbreiten, mindestens teilweise reflektiert 

5 werden durch dessen lokal aufgeschmolzenen Abschnltt. 

13. Ein Temperatursensor nach Anspruch 12. dadurch gekennzeichnet, daQ das Material niedrigen Schmelz- 
punktes eine Metall-Legierung IsL 

14. Ein Temperaiurerfassungssystem, gekennzeichnet durch einen Temperatursensor nach Anspruch 12 
Oder 13, MIttel (18) fur das Einspeisen von Ultraschallimpulsen in den Kern an einem Ende des Welten- 
leiters. und Mittei (18) fur das Erfassen von Ultraschallimpulsen, die Infolge des lokalen Aufschmelzens 
des Kerns (bel 46) reflektiert werden. 

15. Ein Temperaturerfassungssystem, umfassend einen langgestreckten Ultraschallwellenleiter (50). dadurch 
gekennzeichnet, dafi der Wellenleiter aus einem Material besteht. das, wenn es lokal erhitzt wird, einen 
Temperahjrgradienten entwickelt, der dazu dient, mindestens teilweise Ultraschallimpuise zu refleklieren, 
Mittei (18) fur das Einspeisen von Ultraschallimpulsen in den Wellenleiter an einem Ende desselben, und 
Mittei (1 8) fur das Erfassen von Ultraschallimpulsen, die infolge eines solchen Temperaturgradlenten re- 
flektiert werden. 

20 

16. Ein Temperaturerfassungssystem nach Anspruch 11, Anspruch 14 Oder Anspruch 15, ferner gekenn- 
zeichnet durch Mittei (20) fur die Messung desZeitintervallszwischen jedem reflektierten Impuls und dem 
eingespeisten Impuls. auf den jenerzuruckzufuhren 1st 

25 17. Ein Temperaturerfassungssystem nach Anspruch 11, Anspruch 14, Anspruch 15 oder Anspruch 16, da- 
durch gekennzeichnet, daa die Ultraschalleinspeisemittel (18) zum Erzeugen von longitudinal en Ultra- 
schallimpulsen ausgebildet 1st 

18. Ein Temperaturerfassungssystem nach Anspruch 11 Oder einem der AnsprOche 14 bis 17, dadurch ge- 
30 kennzeichnet, da& die Ultraschalleinspeisemittel (18) eine magnetostriktive Einrichtung umfassen. 

19. Ein Temperaturerfassungssystem nach einem der Anspruche 11 und 14 bis 18, dadurch gekennzeichnet 
daa der Wellenleiter (1 2. 40, 50) mindestens einen Ultraschallwellenleiterverbinder (110) umfaRt, umfas- 
send erste und zweite starre, sich verjungende Verbinderabschnitte (116. 118) aus einem Material mit el- 

35 ner ahnlichen akustischen Impedanz wie jene der zu verbindenden Wellenleiterabschnitte (112. 114), wo- 

bei jeder Vert)inderabschnitt ein schmaleres Ende (120, 124) umfa&t verbunden mit einem zugeordneten 
der Wellenleiterabschnitte, und ein breiteres Ende (1 22, 126). das f lach 1st und stoh im wesentlichen senk- 
recht zur Richtung der Ausbreihjng der Ultraschallwellen durch den Vert)inder erstreckt sowie Klemm- 
Mittel (128). die mit den Verbinderabschnitten in EIngriff bringbar sind fOr das Klemmen derflachen Enden 

^ derselben gegeneinander. 

20. Ein Temperaturerfassungssystem nach Anspruch 19, dadurch gekennzeichnet dad die Verbinderab- 
schnitte (116, 118) generell Hornfdrmig sind. 

21. Ein Temperaturerfassungssystem nach Anspruch 20, dadurch gekennzefchnet daB die Verblnderab- 
^ schnitte (1 1 6, 1 1 8) wie konlsche Hdrner geformt sind. 

22. Ein Temperaturerfassungssystem nach Anspruch 20. bei dem die Vertiinderabschnitte (116. 118) wie 
Catenoidhdrner geformt sind. 

so 23. Ein Temperaturerfassungssystem nach Anspruch 20, dadurch gekennzeichnet daB die Verbinderab- 
schnitte (116. 118) wie ExponentiaihSrner geformt sind. 

24. Ein Temperaturerfassungssystem nach einem der AnsprQche 19 bis 23. dadurch gekennzeichnet daB je- 
der Verbinderabschnitt (116, 118) aus demselben Material wie derzugeordnete Wellenleiterabschnitt(112, 

55 114) besteht mit dem sein schmaleres Ende (120 Oder 124) verbunden ist 

25. Ein Temperaturerfassungssystem nach einem der Anspruche 19 bis 24. dadurch gekennzeichnet daB die 
Klemm-Mittel (128) ausgebDdet sind zum Obertragen von Klemmkrif ten auf die Verbinderabschnitte (116, 
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118), die im wesentlichen vollstSndig senkrecht zu dem flachen Ende (122, 126) der Verbinderabschnitte 
gerichtet sind. 

26. Ein Temperaturerfassungssystem nach einem der AnsprOche 19 bis 25, dadurch gekennzelchnet, da& die 
Klemm-Mlttei (128) erste und zwelta Telle (130, 132) umfassen, die die ersten beziehungsweise zweiten 
Verbinderabschnitte (116, 118) erfassen und ausgebildet sind fur das Verschrauben miteinander. 

27. Ein Temperaturerfassungssystem nach einem der Anspruche 1 9 bis 26, dadurch gekennzeichnet, da& ei- 
ne dunne Schicht (126) eines geeigneten akustlschen KopplungsSIs oder Fettes zwischen dem flachen 
Ende (122, 126) der Verbinderabschnitte (116, 118) vorderen Zusamunenspannen vorgesehen ist. 



Revendlcations 

1. D6tecteur de temp6rature comprenant un guide d'ondes ultrasonorBS (12 ou 50) caract6ris6 par au moins 
* un moyen sensible d la temperature (22 et 24 ou 52, ou 60) qui est dispos6 en un point pr6d6termln6 sur 

la longueur du guide d'ondes et qui r^pond d une variation de temperature donn^e en modifiant rimp6- 
dance acoustique du guide d'ondes en ce point d partir d'un premier niveau auquel des impulsions ultra- 
sonores arrivant en ce point ne sent pas r6f I6chies de mani^re significative, Jusqu'^ un second niveau 
^ qui provoque au moins une reflexion partielle des impulsions ultrasonores. 

2. D6tecteur de temp6rature selon la revendteatbn 1, caract6ris6 en ce que le moyen sensible h la tempe- 
rature (22 et 24) comprend un materiau d bas point de fusion (24) ayant une impedance acoustique semv 
blable e celle du guide d'ondes (12) et dispose dans une encoche (22) menagee dans le guide d'ondes. 

3. Detecteur de temperature selon la revendicalion 2, caracteris6 en ce que ledit materiau e bas point de 
fusion (24) est un alliage metallique. 

4. Detecteur de temperature selon la revendicatton 2 ou la revendication 3, caracterise en outre par un moyen 
(26) pour retenir le materiau d bas point de fuston (24) dans rencoche (22). 

30 

5. Detecteur de temperature selon la revendication 4, caracterise en ce que le moyen de retenue (26) 
comprend une gaine protectrice produite par estampage ou extrusion d'un tube (26) autour du guide d'on- 
des (12). 

35 6. Detecteur de temperature selon la revendication 4, caracterise en ce que le moyen de retenue (26) 
comprend un revdtement protecteur applique sur le guide d'ondes (12) par placage. 

7. Detecteur de temperature selon la revendlcatton 1, caracterise en ce que le moyen sensible k la tempe- 
rature (52 ou 60) comprend un disposltif pour appliquer au gukle d'ondes (50) une contrainte mecanique 

^ qui varie avec la temperature. 

8. Detecteur de temperature selon la revendication 7, caracterise en ce que le disposltif (52 ou 60) comprend 
un collier enserrant le guide d'ondes (50), le collier etant dispose de telle maniere que sa force de serrage 
croit avec la temperature. 

^ 9. Detecteur de temperature selon la revendication 8, caracterise en ce que le collier (52 ou 60) comprend 
un premier element (54 ou 62) dispose de fapon d enserrer un second element (58) entre luhmeme et le 
guide d'ondes (50), le premier element ayant un coefficient de dilatation thermique inferieur k celul du 
second. 

so 10. Detecteur de temperature selon I'une quelconque des revendlcations precedentes, caracterise par une 
pluralite desdits moyens sensibtes e la temperature (22 et 24. ou 52, ou 60) espaces les uns des autres 
sulvant la longueur du guide d'ondes (12 ou 50). 

11. Systeme de detection de temperature caract6ris6 par un detecteur de temperature (10) selon Tune quel- 
55 conque des revendications pr6cedentes. un moyen (1 8) pour emettre des impulsions ulfrasonores par une 

extremite du guide d'ondes et un moyen (18) pour detecter des Imputstons ultrasonores refiechles du fait 
de tadite modification d'impedance acoustique. 
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12. DStecteur de temperature comprenant un guide d'ondes ultrasonores allongS (40), caract^risd en ce que 
le guide d'ondes pr^ente une dme (42) constitute d'un matSriau d bas point de fusion enveloppd dans 
un boitier (44) qui, lorsqu'il est chaufft localenient permet une fusion locale de I'dme. de fapon d ce que 
des impulsions ultrasonores se propageant dans Tdme soient au molns partieliement r6f I6chies par la par- 

5 tie localement fondue de celle-cl. 

13. Dttecteur de temperature selon la revendication 12, caracteris6 en ce que led it materiau d bas point de 
fuston est un alliage metalllque. 

14. Systeme de detection de temperature caracterise par un detecteur de temperature selon la revendication 
12 ou la revendication 13, un moyen (18) pour emettre des impulsions ultrasonores dans Tdme par une 
exb^mlte du guide d*ondes, et un moyen (1 8) pour detector des Impulsions ultrasonores r6f lechles du fait 
de la fusion locale de Tdme (en 46). 



15 



20 



1 5. Systeme de detection de temperature comprenant un guide d'ondes ultrasonores allonge (50) caracterise 
en ce que le guide d'ondes est constitue d'un materiau qui, lorsqu'il est chauffe localement est soumis 
d un gradient de temperature qui a pour effet de ref lechir au moins partieliement des impulsions ultraso- 
nores, un moyen (18) pour emettre des impulsions ultrasonores dans le guide d'ondes par I'une de ses 
extremites, et un moyen (18) pour detector des impulsions ultrasonores ref lechles du fait de ce gradient 
de temperature. 

18. Systeme de detection de temperature selon la revendication 11, la revendication 14 ou la revendication 
1 5, caracterise en outre par un nrwyen (20) pour mesurer Tintervalle de temps separant chacune desdites 
impulsions refiechles de I'impulsion emise dont elies sont issues. 

25 17. Systeme de detection de temperature selon la revendication 11, la revendication 14, la revendication 15 
ou la revendication 16, caracterise en ce que ledit moyen d'emission d'impulsions ultrasonores (18) est 
agence pour produire des impulsions ultrasonores longitudinales. 

18. Systeme de detection de temperature selon la revendication 11 ou Tune quelconque des revendications 
30 14 e 17, caracterise en ce que ledit moyen d'emission d'impulsions ultrasonores (18) comporte un dispo- 

sitrf magnetostrictif. 

1 9. Systeme de detection de temperature selon I'une quelconque des revendications 1 1 et 1 4 d 1 6, caracterise 
en ce que le guide d'ondes (12, 40, 50) comporte au moins un connecteur pour guide d'ondes ultrasonores 

35 (110) comprenant une premiere et une seconde parties de connecteur biseautees (116, 118) constituees 

d'un materiau ayant une impedance acoustique semblable e celle des parties de guide d'ondes (11 2, 114) 
d event etre connectees I'une e I 'autre, cbaque partie de connecteur ayant une extremite etrorte (120, 124) 
connectee e I'une respective desdites parties de guide d'ondes, et une extremite eiargie (122, 126) qui 
est plate et s'etend globalement perpendiculairement d la direction de propagation des ondes ultrasonores 

40 autraversdu connecteur, etun moyen deserrage (128) pouvants'engagersurtesdites parties de connec- 

teur pour serrer ies extremites plates de celles-cl les unes contre les autres. 

20. Systeme de detection de temperature selon la revendication 19, caracterise en ce que les parties de 
connecteur (116. 118) ont globalement la forme d'un cornet 

^ 21. Systeme de detection de temperature selon la revendication 20, caracterise en ce que les parties de 
connecteur (11 6, 1 1 8) ont la forme de cornets coniques. 

22. Systeme de detection de temperature selon la revendication 20. dans lequel les parties de connecteur 
(116. 118) ont la forme de cornets catenoTdaux. 

23. Systeme de detection de temperature selon la revendication 20. caracterise en ce que les parties de 
connecteur (116, 118) ont la forme de cornets exponentiels. 

24. Systeme de detection de temperature selon I'une quelconque des revendications 19 e 23, caracterise en 
55 ce que cheque partie de connecteur (116. 118) est constituee du meme materiau que la partie de guide 

d'ondes respective (112, 114) e laquelle est connectee son extremite etroite (120 ou 124). 

25. Systeme de detection de temperature selon I'une quelconque des revendications 19 d 24. caracterise en 



so 
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ce que le moyen de serrage (128) est dispose de fagon k appliquer auxdites parties de connecteur (116, 
118) des forces de serrage qui sont dirigSes presque enti6rement perpendiculairement aux extr^mit^ pla- 
tes (122, 126) des parties de connecteur. 

26. Syst^me de detection de temperature selon Tune quelconque des revendications 19 d 25, caract6ris6 en 
ce que le moyen de serrage (128) comprend une premiere etune seconde parties (130, 132) qui s'enga- 
gent respectivement sur les premiere et deuxi^me parties de connecteur (116, 118) et qui sont adapt^es 
d s'engager parfiletage I'une avec t'autre. 

27. Syst^me de detection de temperature selon Tune quelconque des revendications 19 ^ 26, caract6ris§ en 
ce qu'une couche mince (126) d'une huile ou d'une graisse de couplage acoustique appropri6e est dis- 
pos^e entre les extr6mit6s plates (122, 126) des parties de connecteur (116, 118) avant teur serrage I'une 
contre Tautre. 
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